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This review tries to answer two main questions: (i) What are the neurophysiological underpin-
nings of the most commonly selected cluster descriptors which define the qualitative dimen-
sion of dyspnea in patients? (ii) How do mechanical constraints affect dyspnea? (iii) Do
obstructive and restrictive lung diseases share some common underlying mechanisms? Qualita-
tive dimensions of dyspnea, which allude to increased respiratory work/effort breathing,
reflect a harmonious coupling between increased respiratory motor output and lung volume
displacement in healthy subjects. Descriptors that allude to unsatisfied inspiration are the
dominant qualitative descriptors in patients with a variety of respiratory diseases. It is possible
that sensory feedback from a multitude of mechanoreceptors throughout the respiratory
system (in the muscle, chest wall, airways and lung parenchyma) collectively convey informa-
tion to the consciousness that volume/flow or chest wall displacement is inadequate for the
prevailing respiratory drive. The data would lend support to the idea that: (i) an altered
afferent proprioceptive peripheral feedback signals that ventilatory response is inadequate
to the prevailing motor drive, reflecting neuromechanical uncoupling (NMU), (ii) mechanical
constraints on volume expansion (dynamic restriction) play a pivotal role in dyspnea causation
in patients with a variety of either obstructive or restrictive respiratory disorders, and (iii) all
of the physiological adaptations that optimize neuromechanical coupling in obstructive and
restrictive disorders are seriously disrupted so that an NMU underpins cluster descriptors of
dyspnea which are similar in obstructed and in restricted patients.
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Dyspnea is a common clinical manifestation of patients with
chronic respiratory diseases1e9 and frequently becomes
a prominent and disabling symptom for patients with more
advanced mechanical constraints. The increased metabolic
demands of exercise often accentuate the physiological
abnormalities of patients with either obstructive (e.g.
chronic obstructive pulmonary disease, COPD) or restrictive
disorders (e.g. interstitial lung disease, ILD). The earliest
clinical manifestations of these patients may be exertional
dyspnea and exercise intolerance. Although the extent of
exercise limitation will depend on the nature and severity of
the underlying disease as well as coexistent morbidities,
many patients with COPD or ILD will share similar patterns of
cardiopulmonary response to exercise.6,10 Peak oxygen
uptake and work rate are typically reduced with evidence of
ventilatory constraints at peak exercise. The resting inspi-
ratory capacity and inspiratory reserve volume are often
diminished compared with healthy subjects.11,12 This means
significantmechanical constraints on tidal volume expansion
during exercise which results in greater reliance on
increasing breathing frequency to increase ventilation, i.e.,
a rapid and shallow pattern of breathing.13e15 Collectively,
these mechanical abnormalities suggest that, despite the
profoundly different pathological abnormalities (decreased
elastic recoil and hyperinflation in COPD versus increased
elastic recoil and volume restriction in ILD), both obstructive
and restrictive diseases may share some common mecha-
nisms for perceptual ventilatory responses during exercise,
namely an increase in central drive and restrictive dynamic
ventilatory mechanics with increased respiratory effort to
volume displacement coupling (NMC).9,11,12 All the physio-
logical adaptations that optimize NMC and that presumably
minimize breathing discomfort are seriously disrupted.
Although the role of respiratory muscles on breathlessness
has longbeendescribed inhealthy subjects, themechanismof
dyspnea in patients with neuromuscular disease (NMD) have
received little attention.16 The mechanical properties of the
respiratory system may be normal in these patients, but the
weakened respiratorymuscles require greater neural drive foractivation.17 This heightened neuromotor output is sensed as
an increased respiratory muscle effort and is probably the
principal mechanism of breathlessness in patients with
uncomplicated NMD.7 A restrictive ventilatory defect on
resting pulmonary function testing engenders breathlessness
andexercise limitation inmanypatientswithcongestive heart
failure.18,19 Likewise, in common with other restrictive disor-
ders, physiological derangements of obesity would be expec-
ted to give rise to respiratory discomfort during exercise.20e24
Dyspnea is a subjective experience of breathing difficulty
that consists of qualitatively distinct sensations that vary in
intensity.25e30Thisdefinitionunderlines the importanceof the
different qualities covered by the term dyspnea, the involve-
ment of integration of multiple sources of neural information
about breathing and the physiological consequences. The use
of verbal descriptors of dyspnea may contribute to under-
standing of the mechanisms of dyspnea and assist in identi-
fying or predicting specific diagnosis. Descriptors of dyspnea
arebeingdescribed inpatientswithanumberofdiseases.25e30
Based on the hypothesis that various qualities of respiratory
discomfort result from different pathophysiological abnor-
malities, language could help to define one or more of the
abnormalities responsible for breathing discomfort.
This review will try to answer the following questions: (i)
What are the neurophysiological underpinnings of the most
commonly selected cluster descriptors which define the
qualitative dimension of dyspnea in patients? (iii) How do
mechanical constraints affect dyspnea? (iii) Do obstructive
and restrictive lung diseases share some common under-
lying mechanisms?Neurophysiological substrate of dyspnea
in the clinical domain
There is sufficient understanding of how the respiratory
control system influences dyspnea under physiological
conditions. During a voluntary increase in ventilation the
motor cortex increases the outgoing motor signal to the
respiratory muscles and conveys a copy (central corollary
discharge) through cortical interneurons to the sensory/
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motor drive to increase ventilation.31e33 It is also likely that
the sense of respiratory effort arises from the simultaneous
activation of the sensory cortex and muscle contraction:
a variety of muscle receptors provides feedback to the
central nervous system about force and tension, and
information from these receptors probably underlies the
conscious awareness of the voluntary effort to increase
ventilation.3,34 Therefore, one component of the respira-
tory difficulty is probably the conscious awareness of the
voluntary effort to increase ventilation4,8,32,33(Fig. 1).
However, under some clinical and experimental circum-
stances the relationship between breathlessness and effort is
less apparent. Reflex hyperpnea resulting from stimulation of
chemoreceptors does not produce as great a sense of effort as
voluntary hyperpnea.35,36 Similarly, when normal subjects
suppress their ventilation to a level below that dictated by
chemical drive, dyspnea increases without corresponding
increases in indices of respiratory effort.37e41 Patients with
pulmonary embolism or pulmonary hypertension may report
breathlessness that appears to be out of proportion to factors
normally associated with respiratory effort, e.g., minute
ventilation and changes in pulmonary mechanics.8 Individuals
with lung diseasemay report breathlessness when attempting
to suppress ventilation briefly while eating or speaking. In
turn, although the theory equating dyspnea and the sense of
respiratoryeffort isapopular one,evidence35e38 suggests that
other factors must be taken into account. If dyspnea were
solely a function of the magnitude of central inspiratoryFigure 1 Schematic representation of the neurophysiological
underpinnings of perceived dyspnea during exercise in healthy
humans. During a voluntary increase in ventilation the motor
cortex increases the outgoing motor signal to the respiratory
muscles and conveys a copy (central corollary discharge)
through cortical interneurons to the sensory/association cortex
which is informed of the increased motor drive to increase
ventilation. Volitional respiratory effort in healthy subjects is
harmoniously matched with the appropriate increase in flow or
volume displacement via concurrent afferent proprioceptive
information transmitted via vagal, glossopharyngeal, spinal and
phrenic nerves. This information is conveyed to the medulla
and central cortex where it is integrated. The result is
a harmonious neuromechanical coupling (NMC) with avoidance
of respiratory discomfort or distress.activity, all breathlessness would feel the same. The hypoth-
esis must be modified to account for qualitative aspects of
breathlessness.25e30
Because thereare two sourcesofcontrol for the respiratory
muscles–the automatic or reflex system in the brain stem and
the voluntary system in the cortex–the corollary discharge
could in theoryarise fromeitherof these sites.Anyvariation in
the sense of effort would imply a central rather than
a peripheral mechanism, while the signal associated with the
metabolic control of breathing isweaker and likely associated
with either the perception of air hunger or less sense of
effort.35 In healthy subjects chemoreceptor afferent activity
(CO2) activates the brainstem which conveys a copy (medul-
lary corollary discharge) to the sensory cortex,31e33 and by
activating stretch-receptors, increases ventilation harmoni-
ously with chemical stimulation.42 In experimental and
clinical conditions where inhibition of peripheral stretch-
receptors takes place, the sensory cortex is not informed of
the ventilatory response and amismatch between central and
peripheral sensory inputs is the reason for the sensation of air
hunger. Thus, the intensity of air hunger depends on the level
of chemical stimulation and on ongoing inhibition from
pulmonary mechanosensors which signal the current level of
ventilation (i.e., altered peripheral feedback informa-
tion).39e41 In contrast, afferent information from stretch-
receptors signaling increased ventilation relieves the
perceptionofair hungerbyongoing inhibition,probablybelow
the cortex.42 This interpretation supports studies36e41,43,44
showing that targeted voluntary breathing below the sponta-
neous hypercapnic level elicits the sensation of air hunger,
while breathing above it elicits the sensation of work/effort.
The left limb of the U-shaped curve relating perception vs
ventilation describes air hunger while the right limb describes
the sensation of work/effort when subjects breathe below or
above the spontaneous level, respectively. The increase in
dyspnea below spontaneous ventilation or inspiratory flow
during mechanical ventilation43 might be explained by an
ongoing inhibition of peripheral feedback information that
conveys the sense of thoracic motion or volume displacement
to the sensory cortex.42
Although air hunger has gained acceptance as
a descriptor in laboratory-induced dyspnea, its relevance to
the clinical domain remains very uncertain.
Both physiological studies and clinical evidence have
taught us that dyspnea may qualitatively change when
peripheral afferent feedback is altered and inspiratory
motor output (originating in the brainstem/medulla rather
than thecorticalmotor center) increases, or is held constant.
In other words, altered information from the lungs and/or
chest wall qualifies the sensation of dyspnea.45e54
How mechanical constraints impact
on dyspnea
Chronic obstructive pulmonary disease (COPD)
Respiratory effort and unsatisfied inspiration are the most
selected cluster descriptors which define the qualitative
dimension of dyspnea in patients with COPD. Different
mechanical constraints underlie these discrete respiratory
sensations.25e27,29,30
Figure 2 Neuroventilatory dissociation. A mismatch
between respiratory effort (Pessw%Pessn) and volume
displacement (VT%VC) in patients with NMD (continuous lines
and closed circles) compared with average data in control
subjects (dotted line and triangles). The deeper the slope the
greater the perception of dyspnea. Pessw: swing in esophageal
pressure; Pessn: esophageal pressure during a sniff maneuver;
VT: tidal volume as percentage of the predicted vital capacity
(VC) (modified from ref 16).
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Respiratory effort is commonly selected by both healthy
subjects and patients with COPD. For clinical purposes the
perceived magnitude of the sensation of respiratory effort
is expressed by the ratio of tidal esophageal pressure (Pes)
to maximal pressure generation capacity (Pimax) of the
respiratory muscles.2,16,45e47,55e59 It is worth noting that
volitional respiratory effort in healthy subjects is harmo-
niously matched with the appropriate increase in flow or
volume displacement, i.e., tidal volume as a percentage of
the vital capacity (VT%VC), via concurrent afferent
proprioceptive information transmitted via vagal, glosso-
pharyngeal, spinal and phrenic nerves, and conveyed to the
medulla and central cortex where it is integrated.60,61 The
result is a harmonious neuromechanical coupling (NMC)
with avoidance of respiratory discomfort or distress42
(Fig. 1).
In COPD patients acute mechanical loading and func-
tional weakness of the inspiratory muscles during exercise
result in a relatively higher tidal Pes than normal for a given
Pimax. A condition of physiological muscle weakness (e.g.
increased velocity of shortening of the respiratory muscles)
decreases Pimax, and further increases Pes%Pimax.2
Furthermore, because of limbic system activation the
corollary discharge may be sensed as abnormal, evoking
a sensation of distress in patients.62,63
Unsatisfied inspiration
Structural abnormalities (chronic bronchitis and emphy-
sema), because of their physiologically negative conse-
quences, i.e., expiratory flow limitation and dynamic
hyperinflation,64,65 result in dysypnea.42,65e67A patient’s
physical activity is characterized by a mismatch between
an increase in neural output to the respiratory muscles and
volume displacement (VT%VC) because of altered feedback
information on sense of thoracic motion and/or volume
displacement. We call this mismatch neuromuscular disso-
ciation (NMD).9,11,12,29,42,64,65,68 In clinical settings the
slope that defines NMD is steeper and shifted upward
compared to healthy subjects. The steeper the slope the
greater the intensity of dyspnea (Fig. 2). Under incremental
cycling exercise O’Donnell et al29 demonstrated a progres-
sive increase in NMD with increase in oxygen uptake in
patients compared with a flat slope in controls. Nonethe-
less, recent data12 during constant load cycling exercise
show that early dynamic hyperinflation allows patients with
limited expiratory flow to increase ventilation while
limiting ventilatory discomfort: airways are maximally
stretched at high lung volumes, and expiratory flow limi-
tation is attenuated. Thus, the ratio of neural output to
tidal volume or flow remains constant with a predominant
heightened sensation of effort early in exercise. A few
minutes later, owing to the increase in both end-expiratory-
lung-volume and mostly end-inspiratory-lung-volume, the
inspiratory reserve volume (IRV) attains a critical threshold
value of about 0.5 L below total lung capacity, marking
a plateau in tidal volume (VT), increase in respiratory
frequency, and dynamic restriction of volume expansion
that indirectly reflect the increased elastic loading. The
steep rise in dyspnea at the minimal critical IRV correlates
better with the increase in effort-displacement ratio (Pes/
VT) than with increase in effort per se. In turn, unsatisfiedinspiration reflects a mismatching between inspiratory
effort and displacement, i.e., a discrepancy between high
ventilatory drive and less ventilation than that dictated by
the respiratory drive. It is possible that sensory feedback
from a multitude of mechanoreceptors throughout the
respiratory system (in the muscle, chest wall, airways and
lung parenchyma) collectively convey information to
consciousness that the mechanical output achieved
(volume/flow) or chest wall displacement is inadequate for
the prevailing respiratory drivee.1,3,34,60,61 The data would
lend support to the idea of the central importance of
mechanical restriction in causing dyspnea in COPD
patients.9,42
Restrictive syndrome
Attempts to mimic important mechanical and ventilatory
aspects of restrictive lung disorders in healthy subjects
result in severe dyspnea when, because of decreased
inspiratory capacity (IC) and inspiratory reserve volume
(IRV), a decrease in tidal volume (VT) responses and
increase in VT/IC are constrained in the face of increased
ventilatory drive during exercise (dissociation effort-
displacement). This is obtained by applying chest wall
strapping (CWS) and adding dead space (DS) loading to
CWS69 to mimic the consequence of rapid shallow breathing
(RSB) in patients with restrictive syndrome. In line with the
results by Harty et al70 severe CWS-induced dyspnea was
qualitatively similar to that previously described in
restrictive disorders (inspiratory difficulty and shallow
breathing)71 and could reasonably be attributed to the
diminished ability to expand the thorax appropriately
during exercise. These and other results have shown that if
VT is constrained (either voluntarily or imposed) in the
setting of increased ventilatory stimulation, respiratory
discomfort intensifies.37e41 External thoracic constriction
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scoliosis72 and other chest wall deformities.73 Although the
concept of neuromuscular dissociation may be appealing, it
is difficult to prove because comprehensive measurements
of afferent and efferent signals are not currently
possible.42 Nevertheless the results of studies with CWS and
DS support this hypothesis.
Neuromuscular disorders
Patients with neuromuscular disease exhibit heightened
neuromotor output.17,74 The latter is felt as increased
respiratory muscle effort and as such is likely to be the
principal mechanism of dyspnea in these patients. None-
theless, it has been recently postulated that the association
of increased respiratory system impedance with respiratory
muscle weakness increases the work of breathing and may
affect the coupling between respiratory effort and
displacement.16 Therefore, a greater and qualitatively
different than normal dyspnea sensation might be expec-
ted. Lanini et al16 have shown that healthy controls and
patients with neuromuscular disease exhibit similar motor
output and dyspnea score for unit changes in CO2 under
hypercapnic rebreathing. In contrast, a significant positive
relationship between increase in dyspnea per unit increase
in ventilation and dynamic elastance results in a mis-
matching between respiratory effort and displacement in
patients (Fig. 2). Previous data75 agree with the current
hypothesis that an unbalanced inspiratory muscle loading-
to-strength ratio triggers the signal for the integrated
responses that bring rapid shallow breathing (RSB). RSB is
aimed at reducing perceived respiratory effort76 but leads
eventually to hypercapnia in these patients.75 Although the
hypothesis of restricted volume expansion and disrupted
neuromuscular coupling appears to be an appealing one,
the impact of chemoreceptor activation on dyspnea as
a result of arterial hypercapnia, hypoxia, or early metabolic
acidosis has not been disproved.42
Interstitial lung disease (ILD)
One of the characteristic features of ILD is a reduction in
lung compliance and lung volumes.74,77e80 The mechanical
response of the respiratory system is similarly restricted in
patients with ILD as in those with COPD: inspiratory
capacity is reduced, tidal volume expansion is constrained,
which results in greater reliance on an increase in breathing
frequency to increase ventilation.74,77e79 During exercise,
tidal volume is accommodated close to total lung capacity
on the upper nonlinear extreme of the pressure volume
relationship of the respiratory system. Differences in
dynamic ventilatory mechanics, including possible expira-
tory flow limitation in some patients,71,79 account for
a distinct qualitative perception of dyspnea, namely inspi-
ratory difficulty and rapid breathing in patients with ILD.71
Two mechanisms are likely to underpin the distinct
perception: (i) RSB is aimed at minimizing the work
required to attain a given ventilation61; the increase in tidal
volume, which is accomplished by increasing dynamic end-
inspiratory-lung-volume, comprises a larger portion of
significantly reduced inspiratory capacity; (ii) an increase indynamic elastance gives rise to a mismatch between an
increase in efferent drive (because of V/Q mismatching,
increased dead space, and elastic loading) and restriction
in lung volume expansion. It follows that inspiratory diffi-
culty may have its psychophysical basis in the conscious
awareness of a dissociation between respiratory effort and
the mechanical response (volume displacement) that is
conveyed to consciousness by altered afferent feedback
information.42,61 These data support the notion that the
inability to expand tidal volume appropriately in the face of
an increased drive to breathe contributes to the intensity
and quality of dyspnea in ILD. In turn, the intensity of
exertional dyspnea in ILD is more closely linked to the
mechanical constraints on volume expansion than to
indexes of inspiratory effort per se.
Abnormal afferent inputs from pulmonary vagal recep-
tors have long been considered as possible sources of
unpleasant respiratory sensation in patients with pulmo-
nary disease.81e83 However, experiments in patients with
ILD failed to support the hypothesis that vagal afferents
were involved in control of breathing in ILD and may
possibly influence the development of dyspnea.84 None-
theless, the relative importance of direct nociceptive-like
influences on exertional dyspnea via abnormally activated
pulmonary vagal receptors in disease state is unknown.9Chronic heart failure (CHF)
Many patients with CHF demonstrate reduction in lung
compliance, a restrictive ventilatory defect on resting
pulmonary function as assessed in terms of decrease in vital
capacity, inspiratory capacity (IC), expiratory residual
volume, and less than predicted total lung capacity
(TLC).85,86 The reduction in TLC results from replacement
of the air in the lung with either blood or interstitial fluid;
the lung becomes stiffer or less compliant with resulting
changes in the elastic properties of the pulmonary paren-
chyma with interstitial and alveolar edema. The progres-
sive change in lung recoil tends to increase the pleural
pressures required to effect respiration, thus elevating the
work of breathing and thereby leading to tachypnea with
a low tidal volume and high respiratory frequency.87 Resting
IC predicts symptom- limited VO2 better than any other
resting pulmonary function or hemodynamic parameter,
confirming the importance of restrictive ventilatory
mechanics.18,19
CHF patients may stop exercising because of intolerable
exertional dyspnea, leg fatigue, or both even when there is
apparent cardiopulmonary reserve.19 O’Donnell’s group has
found that 75% of these patients, at the end of cycle
ergometer exercise, selected qualitative descriptors of
dyspnea pertaining to ‘‘unsatisfied inspiratory effort’’ and
‘‘inspiratory difficulty’’.88 The explanation for the under-
lying pathophysiology is not easy because of conflicting
data on whether respiratory function contributes or not to
exercise limitation in CHF patients.
The mechanisms of exertional dyspnea in patients with
CHF are multifaceted and include: (i) increased vascular
congestion/distension and interstitial edema83,89; (ii)
increased ventilatory demand (secondary to increased
ventilation/perfusion mismatching and to chemo- and
930 G. Scano et al.metabo-reflexes)90e92; (iii) expiratory flow limitation,
dynamic lung hyperinflation and ‘‘restrictive’’ ventilatory
mechanics during exercise even in non-smoking patients
with CHF.90,93 In other words, in the presence of expiratory
flow limitations, a progressive reduction in dynamic inspi-
ratory capacity may precipitate an early plateau of tidal
volume and inspiratory reserve volume at a relatively low
ventilation and oxygen uptake (V0O2) compared with
healthy subjects. It has been proposed that the inability to
expand tidal volume appropriately in the face of increasing
inspiratory muscle contractile effort can lead to perceived
respiratory difficulty earlier in exercise in patients with
CHF; (iv) excessive loading of inspiratory muscles (because
of decreased lung compliance from pulmonary edema, or
increased airways resistance)94; and (v) ventilatory muscle
weakness.95,96 The net effect of these changes in ventila-
tory control, dynamic respiratory mechanics and ventila-
tory muscle function is enhanced neuromechanical coupling
of the respiratory system.90,93
The key message that has emerged from therapeutic
intervention studies in patients with CHF is that exertional
dyspnea alleviation is consistently associated with reduced
excessive ventilatory demand (secondary to reduced
central neural drive), improved respiratory mechanics and
muscle function and consequently, enhanced neuro-
mechanical coupling of the respiratory system during
exercise.90,93
O’Donnell et al93 have recently shown that pressure
support, which reduced the tidal inspiratory pleural
pressure-time slope by an average of 44%, did not affect
submaximal dyspnea ratings; nonetheless, it allowed
patients to exercise for an additional 3 min at ventilation
>50 L/min without experiencing any significant rise in
dyspnea. Thus, reduced contractile respiratory muscle
effort is thought to be important in relieving dyspnea
mechanisms in this setting. Altogether these studies
suggest that increased ventilatory demand, abnormal
dynamic ventilatory mechanics and respiratory muscle
dysfunction are instrumental in causing exertional dyspnea
in patients with severe cardiac impairment.Obesity
First of all, two questions require definition: 1. is obesity
a restrictive disease? 2. What is the role of respiratory
muscle weakness in dyspnea? The low lung compliance that
occurs in obesity has often been thought to be the conse-
quence of a stiff chest wall: the weight of the chest wall is
applied to the lung, decreases lung filling with each breath,
and leads to low lung compliance.97,98 However, recent
data have shown that the decrease in chest wall compli-
ance contributes to total respiratory system compliance
much less that a decrease in lung compliance during
general anesthesia in obese subjects.99 Despite the
increase in gravitational load in the supine position, func-
tional residual capacity (FRC) does not fall below the
seated values in obese subjects with reduced FRC and
expiratory residual volume (ERV), and with increased
inspiratory capacity (IC) when seated.100 These results
imply that in a supine position respiratory muscle activity
sustains dynamic hyperinflation above the relaxationvolume of the respiratory system. The ability of the inspi-
ratory muscles to sustain this mechanical load is large
because of greater muscle length and force generation
capacity.100 Ventilatory requirements increase during
exercise, further exacerbating the potential imbalance
between inspiratory muscle load and capacity. Greater
tidal volume will be associated with greater respiratory
muscle pressure because of more negative esophageal
pressure swings and increase in chest wall recoil pres-
sure.2e4,34,55 In this regard obese patients are predisposed
to development of physiological inspiratory muscle weak-
ness during exercise, but this reflects the possibility that
when obese subjects hyperinflate the lung during strenuous
exercise, the respiratory muscles decrease their maximum
force generation capacity while increasing both effort and
velocity of shortening. Babb’s group21,22 have recently
calculated the work of breathing during cycling exercise in
young obese women and in lean women; due to expiratory
flow limitation the resistive work of breathing but not the
total work of breathing between 40 and 70 L of ventilation
(VE) was greater in obese that in lean subjects.
So a third question arises, do respiratory muscles have the
same impact on dyspnea in obese as in healthy subjects? By
and large the following may be stated: (i) an increase in
respiratory muscle force generation and a concomitant
increase in respiratory neural drive associated with increased
ventilation are important sources of sensation of respiratory
effort in both healthy and obese subjects21e23; and (ii) in line
with the results of Ofir et al,23 Romagnoli et al24 have also
shown that VE/VO2werenot alteredbyobesity; also dyspnea/
VE, dyspnea/VO2 and dyspnea/VCO2 at both anaerobic
threshold and peak exercise were equal in obese as in control
subjects. These data are in keeping with the statement that
increased respiratory muscle force generation and the
concomitant increase in respiratoryneural drive harmoniously
matched with increased ventilation are important sources of
sensation of respiratory effort in both healthy and obese
subjects.9,21e23,42
Recent evidence indicates that, based on VO2 peak
(%predicted), exercise performance may be impaired in
obese subjects who hyperinflate the lung to the same
extent as those who deflate the lung, with both volume
subgroups having a similar dyspnea score.24 Obese subjects
with the inflationary pattern had increased end-expiratory-
lung-volume (EELV) along with end-inspiratory-lung-volume
(EILV) throughout exercise. They had to hyperinflate,
probably to avoid significant levels of flow limitation, and
were unable to completely escape being flow limited
without further increasing EILV.21e24 It is not unlikely that
‘‘obese hyperinflators’’ were using the abdominal pump
inefficiently as their effort was wasted because of flow
limitation. Acute dynamic lung hyperinflation is a key
mechanistic consequence of expiratory flow limitation and
has serious mechanical and sensory consequences (e.g.
respiratory muscle overloading and increase in respiratory
drive and perception of respiratory discomfort).42,64,65
Conversely, obese subjects with deflationary pattern
decreased EELV, and, because total lung capacity does
change during exercise,64,68 increased IC. Such a ventilatory
pattern is similar to that found in controls under increasing
exercise intensity by integrated activity of the diaphragm,
rib cage muscles and abdominal muscles.45,52,54,101 A low
Do obstructive and restrictive lung diseases share common underlying mechanisms of breathlessness? 931resting EEVL has three important consequences linked
together during exercise: (i) a concurrent decrease in ERV,
with EEVL impinging upon maximal expiratory flow volume
curve102; (ii) dynamic airway compression limiting the expi-
ratory flow generated by abdominal torque; and (iii) changes
in transmural pressure resulting in dynamic compression
which may lead to dyspnea in patients with COPD. O’Donnell
et al103 showed that dynamic compression downstream from
the flow-limiting segment, without substantially affecting
floworpressure upstream, causesmild tachypneaand results
in an unpleasant respiratory sensation. These authors
postulated that alteration in the central drive to the respi-
ratory muscles in response to afferent activity from upper
airway mechanoreceptors may contribute to the increased
sensation of dyspnea in patients with COPD.103,104 In turn,
through different mechanisms, an increase in respiratory
neural drive underlies respiratory discomfort in obese
subjects during exercise.
Conclusions
In conclusion, these data support the idea that: (i)
mechanical constraints on volume expansion (dynamic
restriction) play a pivotal role in dyspnea causation in
patients with a variety of either obstructive or restrictive
respiratory disorders, (ii) altered afferent proprioceptive
peripheral feedback signals that ventilatory response is
inadequate to the prevailing motor drive, reflecting neu-
romechanical uncoupling, and (iii) all of the physiological
adaptations that optimize neuromechanical coupling are
seriously disrupted in obstructive and restrictive disorders
so that a remarkable similarity in choices of qualitative
descriptors (work/effort, inspiratory difficulty, unsatisfied
inspiration, air hunger, rapid breathing) for exertional
dyspnea in patients with restrictive and obstructive
syndromes raises the intriguing possibility that they share
some common neurophysiological mechanisms.
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